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Purification and characterisation of hentriacontane-14,16-dione from wheat straw wax
The isolation of the hentriacontane-14,16-dione (HTD) was carried out as previously reported by Horn et al. 21 with some slight modifications. A typical extraction procedure is as follows: Wheat straw wax (1 g) was thoroughly crushed with spatula in a 500 mL beaker and dissolved with petroleum ether (60-80 °C) (200 mL) at room temperature with magnetic stirring. This mixture was filtered after standing for 30 mins and the filtrate transferred to 500 mL separating flask, along with hot excess saturated aqueous Cu(OAc) 2 (100 mL). The resulting mixture was shaken intermittently for 10 mins and allowed to stand for 1 h. The organic phase (upper layer) became green, while the aqueous phase (lower layer) was pale blue. A dark blue precipitate (Cu-diketone) formed upon cooling, so the system was kept warm with a heat gun to allow separation of the organic and aqueous phase. The aqueous layer was removed while the organic layer was collected and kept for 2 hrs to allow precipitation of the Cu-diketone. The precipitate was then filtered, and the crude Cudiketone washed with petroleum ether (60 -80 °C) (5 mL). The copper salt was re-dissolved in hot petroleum ether (60 -80 °C) (100 mL), transferred into the 500 mL separating flask followed by concentrated hydrochloric acid (2 mL). The separating flask and its contents were thoroughly shaken intermittently for 10 mins to strip out the Cu(II) ions from the lipophilic β-diketone in the organic phase. The organic layer was washed three times with 100 mL deionised distilled water. The two layers were separated and the pale-yellow product (HTD) was recovered from the organic layer by removing the petroleum ether in vacuo. 19 and Lenardão et al. 18 Alumina was pre-treated by drying in oven at 150 °C for 12 hrs. Dried alumina (10 g) was mixed with KF (2.9 g, 50 mmol) and dissolved in methanol (20 mL) in a 250 mL round-bottom flask. This mixture was stirred for 30 mins at 50 °C. Thereafter, methanol was removed in vacuo with mixing. 19 The KF/alumina was dried in a vacuum oven for 14 hrs at 150 °C. This mixture produced 5 mmol KF/g alumina.
Preparation and characterisation of trimethyl aconitate
Aconitic acid (5 g, 0.029 mol) and methanol (33.3 mL, 0.823 mol, 30 molar equivalents) were placed into 250 mL round bottom flask along with 3 drops of concentrated sulphuric acid. The reaction mixture was refluxed overnight with continuous stirring. After 18 hrs, the methanol was removed and fresh methanol (33.3 mL, 0.823 mol) and 3 more drops of sulfuric acid were added. The system was refluxed for another 18 h. After the reaction, the reaction mixture was transferred to a separating funnel along with water (75 mL). The reaction vessel was rinsed with petroleum ether (60-80 °C). After shaking, settling and separating, the organic layer was washed with 15 mL of distilled water, followed by 25 mL of 5% sodium bicarbonate, followed by 15 mL brine solution, at which point it was dried with anhydrous magnesium sulphate and filtered. The solvent was removed in vacuo to give the product, a pale-yellow oil. The yield obtained was 85%. 
Modification and characterisation of bio-derived β-diketone
Based on the method previously reported by Asemave et al. 22 Into a 15 mL microwave vial, 14,16-hentriacontanedione (HTD) (0.010 g, 0.02 mmol) was added; followed by a known amount of KF/alumina. The heterogeneous catalyst was well dispersed among the HTD. Dimethyl itaconate (0.014 g, 0.09 mmol, 4.5 mole equivalents) or methyl acrylate (10 µL, 0.11 mmol, 5.5 mole equivalents) was then added to the reaction mixture for the synthesis of 3 and 4 respectively. The maximum pressure and the power in the CEM discover microwave was set at 300 psi and 300 watts respectively at a known reaction time and temperature. After the reaction, the reaction mixture was filtered to remove the catalyst using dichloromethane and ethyl acetate. The products were purified using flash chromatography. In addition, short part distillation (Kugelrohr) was also applied to separate the excess dimethyl itaconate from the modified HTD.
When the reaction was conducted with conventional heat source (stirrer hot plate), identical quantities of materials were added to a 15 mL vial with screw cap. The reaction mixture was well stirred during the reaction time under solvent-less conditions. The reactions were also scaled up 2916, 2850, 1735, 1729, 1717, 1692, 1583, 1543, 1471, 1440, 1373, 1286, 1223, 1168, 1106, 1011, 967, 888, 844, 718, 630, 544, 537, 530, 521, 515, 503 
Hydrolysis of the esters of modified β-diketone with subsequent characterisation
3 (0.0692 g) and 4 (0.0479 g) were dissolved separately in dichloromethane in 50 mL vials. Into these solutions was added a saturated solution of sodium hydroxide in methanol. The ratio of dichloromethane:sodium hydroxide solution was 1.5:1. The two mixtures were stirred overnight at 30 °C. The mixtures were dark yellow at the beginning of the reaction and became white and cloudy over time, indicating formation of the Na salts. The reactions were stopped, and the solvent removed. The solid residues were then dissolved separately in 10 mL water and acidified with hydrochloric acid to a pH of 1-2, in order to obtain the carboxylic acid forms of the products (5 and 6). The mixtures were then extracted using dichloromethane. 2916 , 2849 , 1700 , 1472 , 1464 , 1431 , 1291 , 1250 , 1228 , 1210 , 1198 , 1094 -2500, 2916, 2849, 1694, 1433, 1380, 1283, 1236, 942, 720 An equal volume (5 mL) of an aqueous metal solution of known molarity was combined with a cyclohexane/chelator solution of known molarity in a 50 mL vial with screw cap at 20 °C and vigorously agitated for 30 mins, as previously reported in the literature. 7, 23, 24 Thereafter, the sample was allowed to stand for 24 h. A blank (control) sample containing an aqueous metal solution and cyclohexane only was treated as described above to determine the distribution ratio, D. The aqueous phase was carefully removed and the absorbance of the residual metal ions in the aqueous solution was measured by UV/Visible spectrophotometer. The concentration of metal in the raffinates and blanks were measured by carefully removing the aqueous phase from the mixtures and measuring the absorbance of the residual metal ions by UV/Visible spectrophotometer. The UV/Visible spectrophotometer was calibrated using aqueous metal solutions of varying concentrations. The actual amount of extracted metal was determined by multiplying the observed amount by the distribution ratio, D. 25, 26 The pH of the aqueous phase after extraction was recorded as the equilibrium pH. The pH was adjusted with sodium hydroxide or hydrochloric acid in some cases as specified. (-) indicates no change due to no metal extraction observed, as can be seen in Table 3 .
Prediction of Structure of Metal-chelator Complexes Using ArgusLab Software
In this work, ArgusLab (obtainable at http://www.arguslab.com/arguslab.com/ArgusLab.html) was used to optimise (using the Austin Model 1 (AM1) and a restricted Hartree-Fock (RHF) calculation) and produce images of the predicted molecular geometry for a selection of the chelators.
